Parallux TM , a solid-phase fluorescence immunoassay (SPFIA) developed for antibotics residue detection in milk, was applied for analysis of fish tissue. The recommended therapeutic doses of oxytetracycline (OTC, 100 g/ton water, withdrawal period 30 days) and tetracycline (TC, 150 g/ton water, withdrawal period 30 days) were treated to a group of 35 olive flounders (Paralichthys olivaceus) using dipping administration. Muscle was sampled before and after drug treatment 1st, 2nd, 3rd, 5th, 7th, and 14th day. The concentration of oxytetracycline in muscle, determined by SPFIA, was compared with that of internal standard (100 ppb as oxytetracycline). The S/C ratio of sample inhibition value to cutoff inhibition value was employed as an index to determine the muscle residue in olive flounder. To investigate the recovery rate, and standard solutions were added to muscle samples to give final concentrations in muscle of 0.1 and 0.5 µg/ml. The recovery rates of all spiked samples were >89% of the spiked value. OTC and TC were detected in muscle of fishes treated until the 3rd day of withdrawal period. The present study showed that the SPFIA can be easily adopted in predicting tissue residues for OTC and TC in farmed fishes. KEY WORDS: flounder, solid-phase fluorescence immunoassay, tetracycline antibiotics.
Oxytetracycline (OTC) and tetracycline (TC) have a broad-spectrum of activity, low toxicity and capacity for diffusion into most body fluids and tissue [1, 9, 15] . From these reasons, these antibiotics are widely used in therapy and prophylactic control of bacterial infections in human and veterinary medicine including aquaculture fish and as food additives for growth promotion [16] .
The residue of OTC and TC has been investigated in several farmed fish species including flounder, following intramuscular or oral administration [10] [11] [12] [18] [19] [20] . However, there is scarcely the research for the residue of tetracycline antibiotics in tissue of farmed fishes after dipping administration.
Traditional approaches for the detection of tetracycline residues include microbial inhibition tests, immunoassays, and chromatographic methods. Widely used microbial inhibition methods are relatively complicated, time consuming and non-specific to tetracyclines [3, 13] . However, chromatographic methods, such as HPLC, provide sensitivity and specificity for tetracyclines, but certain disadvantages, for example, high price, requirement of special equipment and sample extraction protocols by expert personnel, and limit their suitability for the analysis of large numbers of samples [2, 16] .
Variety of immunoassay methods have been developed and adopted for detecting the generic groups of chemical residues in animal products. Immunoassay has become the most popular for chemical residue detection in food due to its sensitivity, simplicity and ability to screen large numbers of samples [6, 8, 22] .
Therefore, we investigated that Parallux TM was applied to detect OTC and TC in muscle of lounder, farmed fish. Fishes used in this study were 35 healthy olive flounders weighting an average of 350 ± 30 g with no previous history of antibiotic treatment. Aqua High Tera (500 g, oxytetracycline hydrochloride, OTC) was purchased from Korea Thumb Vet. Co. (Seoul, Korea). Aqua Mycosin (120 g/kg, tetracycline hydrochloride) was obtained from Green Cross Animal Pharmaceutical Co. (Seoul, Korea). The IDEXX Parallux TM tetracyclines assay cartridges were purchased from Korea Media Ltd. Parallux TM (IDEXX Laboratories, Westbrool, ME) is a solid-phase fluorescence immunoassay (SPFIA)-based test, designed for milk analysis, which is very easy to perform and yields results within 5 min. Different types of test cartridges are available, each containing 4 capillary channels for detection of 1-4 different analytes. The test itself, including mixing of the sample with the antibody, immunological and reading, takes <5 min [14] . Thirty olive flounders were dipped in OTC 100 g/ton water for 30 min. TC was treated to 30 olive flounders at the concentration of 150 g/ton water for 5 hr using dipping administration. Muscles were samples from all fishes before treatment of the drugs and during the withdrawal period on the 1st, 2nd, 3rd, 5th, 7th, and 14 th day after administration of drugs. The method of muscle sample extraction was modified from the protocol described by Okerman et al. [14] . Five gram of muscle from each olive flounder was weigghed in a stomacher bag. Ten ml Sörensen phosphate buffer, pH 7.6, prepared with 13.2 ml KH 2 PO 4 (9.08 g/l) and 86.8 ml Na 2 H 2 PO 4 ⋅2H 2 O (11.88 g/l) were added, and the contents were mixed for 1 min in a stomacher. Approximately 2 ml was placed in Eppendorf tubes and centrifuged for 5 min at 20,000 × g. Stock solution of 1 mg/ml of each of OTC and TC were prepared with United States Pharmacopoeia (USP) standards in methanol, and stored at -20°C. This standard solution was used for the preparation of both calibration solutions and fortified samples. Just before used, the stock solutions were diluted in muscle extracts from non treated fish, to prepare 0.025, 0.05, 0.1, 0.2, 0.5 and 1.0 µg/ ml working standard solutions. To get the recovery rate, the standard solutions were added to muscle samples to give final concentrations in muscle of 0.1 and 0.5 µg/ml. After blending, these samples were extracted as described above then analyzed in a blind fashion.
The sample test with ParalluxT M system was performed as prescribed by the manufacturer. After the wells in the reagent tray are filled with 100 µl sample, the contents are mixed with labeled antibodies already present in the wells; thereafter, the mixtures are allowed to react with the solid phase in the capillary tubes. When samples do not contain any analyte reacting with the antibodies, a large amount of labeled antibody remains free to bind to the solid phase. After capillaries are washed and dried, a laser source excites fluorescence, and the results is given as the ratio of the sample inhibition value/cutoff inhibition value (S/C), while the sample inhition value=[1-(sample signal/negative control signal)] × 100. The cutoff inhibition value is included in the bar code that must be scanned before each test. The S/C ratio >1.0 is recorded as positive by the processor [14] .
The standard curves of OTC and TC were each constructed to determine the detection limit of each. As shown in Fig. 1 , the detection limits of OTC and TC were less than 0.1 µg /ml based on the S/C ratio of 1.0 in the assay system.
The standard curves of the OTC and TC showed linear regression between 0.05 and 0.5 µg/ml (OTC, R 2 =0.989; TC, R 2 =0.965). Okerman et al. [14] determined different antibiotic residues in bovine and in porcine kidneys by solid-phase fluorescence immunoassay. The ranges of S/C ratios from spiked samples spiked wiht 300 µg/kg tetracycline antibiotics were 1.77-1.93 for TC and 1.55-2.05 for OTC. In our study, the range of ratios for TC and OTC were similar to that of study described above.
Recovery of 0.1 and 0.5 µg/ml of OTC and TC spiked into non-treated muscle is shown in Table 1 . All recoveries were more than 89% of the spiked value.
The analytical results of OTC and TC in muscles are shown in Table 2 . All of OTC samples showed positive results (S/C ratio ≥1.0) after the 1st, 2nd and 3rd day of withdrawal. In the analytical results of TC samples, 3 of 5 samples were positive after the 3rd day of withdrawal. After the 5th day of withdrawal, all of both OTC and TC samples showed negative reaction (S/C ratio ≤0.1), and were believed to decrease under 0.1 µg/ml. Hah et al. [4] studied the development of simultaneous analytical mehtod for sulfonamide and tetracycline residuesin fishes, and investigated recovery rates after spiked at the concentration of 0.1, 0.3, 0.6 and 1.0 µg/ml of OTC and TC in muscles. The range of recovery rate for OTC and TC was 65.8-73.4% and 51.4-53.2%, respectively. Lee et al. [7] studied to analyze tetracycline antibiotics using High-Performance Liquid Chromatography (HPLC) for fishery procuts, and examined recovery rates of tetracyclines in flounder muscle. At the concentration of 0.1 µg/ml, recofery rates of OTC and TC were 100%, and at the concentration of 0.1 µg/ml, recovery rate of OTC and TC were 98 and 97%, respectively. In the research by Rupp et al. [21] , salmon tissue was fortified with 0.10, 0.25, 0.50, 0.75, and 10 µg/ml OTC, and the recoveries were 84, 76, 70, 76, and 85%, respectively. Also Pena et al. [17] reported that the recovery rates of OTC and TC from salmon muscle tissue fortified at 9.05, 0.1 and 0.2 µg/ml levels, ranged from 83.9 [5] carried out a comparative study of the detectable methods of residual OTC in flounder muscle with simplified screening test after oral administration to flounders at a dose rate of 100 mg/kg, and analyzed it in the muscle with modified EEC 4-plate method. The analytical results showed positive reaction until the 20th day after administration. Malvisi et al. [11] investigated tissue distribution and residue depletion of OTC in sea bream after oral administration at a concentration of 7.5 g/kg feed for 14 days. OTC concentrations in sea bream muscle were declined under 0.1 µg/ml 20 days after treatment. With the consideration of the dosage and the route administered, the flounder muscle residue concentrations of OTC and TC in our study were similar or little lower than those of studies described above. In the above results, the depletion of OTC and TC administered dipping is faster than oral or intramuscular medication.
According to our results, the applied methods can be adopted easily for use to screen OTC and TC residues in tissue of farmed fishes after minimal sample preparation. It is thinkable that the inspector may be able to apply this method to screen for tetracycline antibiotics in tissue of fishes on the place of shipment or on fish farm. Fishes that show positive results may be banned from shipping until retest results become negative before they are fowarded. 
